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Introduction
When I was a child my family would go to Lake Hope State Park every summer, located
within the Zaleski National forest in Southern Ohio. It is a beautiful place for recreational
fishing, hiking, camping and they even have a nature center program setup for kids to learn about
the surrounding wildlife and environment. In 2010 however, Lake Hope was one of several lakes
in Ohio to be affected by blue-green algae blooms likely thought to be a result of agricultural
runoff and sewage pollution (Columbus Dispatch 2010).
In 2011 alone, Ohio was reported to have used 98.2 million kgs of phosphorus-based
fertilizer and 307 kilograms of nitrogen-based fertilizer across 77,805 farms (USDA 2017, EPA).
As rainfall moves over the ground it picks up chemicals and particles along the way, finally
depositing them into nearby streams, rivers, and wetland environments (Keddy pg. 100). The two
major forms of nitrogen that plants use for development, ammonium (NH4+) and nitrate (NO3-),
occur from the natural nitrogen cycle and artificially from agricultural runoff
(Britto&Kronzucker). This increased use of nitrogen-based fertilizer is causing the Nitrogen to
Phosphorus ratio to decrease in lakes which allows nitrogen-fixing cyanobacteria to overtake

other algae species (Keddy pg. 96-97). Since humans have begun using the Haber process (an
extraction process where nitrogen is industrially obtained from the atmosphere), the amount of
biologically available nitrogen has dramatically increased causing damage to the surrounding
wetlands (Keddy pg. 96). The cyanobacteria that form in these nitrogen rich environments
produce an array of cyanotoxins, odors and taste issues that make the water dangerous to
humans, wildlife and plant life (Cheung et. Al 2013). In normal conditions, cyanobacteria reduce
atmospheric nitrogen into a usable form such as ammonium in wetlands where nitrogen is
limited (Keddy pg. 311), but now with the increased input of nitrogen and ammonia from
precipitation, runoff and sewage, denitrification rates are being overwhelmed and ammonia
toxicity is becoming a bigger issue.
In this paper we observed how simulated ammonia runoff would affect native Ohio
wetland plants. According to Britto and Kronzucker 2002, ammonium toxicity can vary widely
but NH4+ concentrations above 0.1 to 0.5mmol/L will generally cause ammonia toxicity
symptoms. Some plant families like Cyperaceae have shown a natural ammonia tolerance while
others like Poaceae have shown an ammonia sensitivity in previous studies (Britto and
Kronzucker 2002). We wanted to compare native Ohio wetland grasses to see which species
show potential as being ammonia tolerant by seeing how added ammonia would affect species
diversity and overall growth. Based on the data found in Britto and Kronzucker 2002, we
hypothesize that graminoids from the Cyperaceae family will grow better in the ammonia
treatment than graminoids from the Poaceae family.
Methods
Two important types of Ohio wetlands that suffer from nitrogen runoff are detention
basins and short sedge meadows. A detention basin is a man-made wetland planted with species

better suited to grow in unfavorable conditions because they are placed in low areas to help
regulate storm runoff seepage. Short sedge meadows are naturally occurring lowland wetlands
with many beautiful wildflowers whose main water source comes from the rain, storm runoff and
nearby flooding. The detention basin seed mix was meant to mimic a wetland where storm runoff
collects before draining into an actual wetland as these types of plants may be predisposed to
being tolerant of runoff chemicals. The short sedge meadow seed mix was meant to mimic a
wetland where runoff water could also collect, but the plants commonly found in a short sedge
meadow might not be predisposed to increased chemical concentrations like the ones in a
detention basin so it should serve as a good comparison for species variation.
We grew plants from October 2021 to January 2022 which was made possible by setting
up in the University of Akron greenhouse. Using 61 identical black plastic trays with no holes in
them and measuring about 8inx10inx3in, we filled them halfway up with peat moss and
deionized water in order to create a soil base that would highlight the effects of added nutrients.
15 trays were detention basin seeds treated with deionized water, 15 other detention basin trays
received the ammonia treatment, 15 short sedge meadow trays received deionized water and 16
short sedge meadow trays received ammonia treatment (*we accidentally labeled two as SSA8
so there was an extra tray).

Image 1: Percent by weight and common names for the detention basin seed mix used.

Image 2: Percent by weight and common names for the short sedge meadow seed mix used.

Britto and Kronzucker used a hydroponic system to show the differences between a low
and extreme level of ammonia concentration in an ammonia sensitive plant such as barley, see
Figure 1 below.

(Figure 1: Britto and Kronzucker 2002)

For the purposes of this study, we used a 10mmol/L concentration level of ammonia by
diluting 21.25mL of 30% Ammonium Hydroxide in 1 gallon of deionized water. Each tray
contained a soil base made of peat moss thoroughly mixed with deionized water and equal
portions of large and small seeds from each respective seed mix.
The trays were monitored for growth twice a week and retreated as needed. We started
with 250mL per visit, but this caused too high a water level so we reduced retreatment to as
needed, meaning if the top surface looked dry then solution would be added in 50mL increments
until topsoil layer was sufficiently moist. Green shoots were observed after 11 days from
planting (10-26-2021 being the planting date) and by day 14 we started to count how many
individual plants were present. We took total counts on days 14, 22, and 35. Regardless of
counting individuals or watering trays, the trays were randomly rotated around the tabletops once
per week to account for factors such as sunlight exposure, fans blowing air into the greenroom
and temperature.
Once the plants had grown enough to be able to identify them to species, we surveyed the
trays on days 44, 56 and 78 [78 was the final day of the experiment]. Total count, species
variation and soil appearance were compared.

Results
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Figure 1: Average # of individuals per tray for each treatment during the first 3 observations
before species identification was possible. n=61 trays
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Figure 2: Average number of individuals for Elymus Virginicus from 44 days since plating to 78
days since planting. n=61 trays.

Average count of indiviudlas

Average of Carex vulpinoidea for Days 44-78
2.5

2.2

2.3

Detention basin w/ NH4+

2
1.5

Detention basin w/out NH4+

1.4

1.5

1.1

1.5

Short sedge meadow w/
NH4+

1

0.5

0.6
0.1

0

0
44

Short sedge meadow w/out
NH4+

0.3

56

0

0
78

Days since plating

Figure 3: Average number of Carex vulpinoidea from 44 days since plating until 78 days since
planting. n=61.

In both seed mixes, the trays treated with ammonia solution initially had accelerated
growth and consequently had a higher average of plant individuals than the detention basin trays
treated with deionized water as seen in Figure 1. Once species identification was possible, it
became clear that Elymus virginicus (Virginia Wild Rye) and Carex vulpinoidea (Brown Fox
Sedge) were the dominant species present in both seed mixes. Virginia Wild Rye had the highest
seed weight proportion for Poaceae family plants while Brown Fox Sedge had the highest weight
proportion for Cyperaceae family plants as seen in Images 1 and 2.
The other herbs that grew were unable to be identified in their early stages of growth, but
they either did not survive in the ammonia trays or were not present in a high enough average to
compete with Virginia Wild Rye and Brown Fox Sedge.
E. virginicus grew better in detention basin trays while C. vulpinoidea grew better in
short sedge meadow trays. In Figure 3 you can see a drastic decrease in the average number of
plants present in the detention basin and short sedge meadow trays treated with ammonia. By the
end of the experiment, almost all of the plants in the ammonia treated trays had died off except
for a few E. virgincus that were still mostly green, but not enough were present to obtain a
substantial average per trays as seen by the 0.2 and 0.1 for E. virginicus in Figure 4.

Image 3: Soil top differences between a detention basin tray treated with ammonia solution (left)
and detention basin tray treated with deionized water (right) at the end of observation. The
detention basin trays treated with deionized water had a green surface moss with an earthy scent
while the detention basin trays treated with ammonia had dark black soil that smelled strongly of
ammonia.
In the image above you can see a stark difference in the soil color of an ammonia
treatment tray versus a deionized water tray. By the end of the experiment the green surface
moss had appeared on all control trays (deionized water treatment) except for one detention basin
tray, but as you can see in Figure 4, the detention basin trays had a higher average moss percent
cover than the short sedge meadow trays. The surface moss was not able to be identified. The
ammonia treatment trays had no moss growth at any point in time, but the soil started turning
darker between Days 35 and 44. By Day 56 the soil was totally black and smelled heavily of
ammonia while the plants showed signs of chlorosis and wilted away.
Between both seed mixes, E. virginicus and C. vulpinoidea had the highest average of
individuals, but E. virginicus did better overall.
ANOVA analysis
In Figures 2 and 3, the ammonia treated trays had a higher average of individuals than the
deionized water trays at 44 days since planting, but then drastically decline at 56 and 78 days
since planting. In Figure 2 At Day 44, the Pvalues for seed mix (0.00) and ammonia treatment
(0.01) indicate that the seed mix had more effect on the count of individuals than the ammonia
treatment did for E. virginicus. When the seed mix and ammonia treatment were analyzed using
an F-test, it was discovered that the ammonia treatment effected both seed mixes the same in

terms of increasing the overall count of individuals, but the major factor of variance was the seed
mix as seen with the F ratios of (6.47) for ammonia treatment and (49.2) for seed mix. In Figure
3 at Day 44, the Pvalues were (0.05) for ammonia treatment and (0.67) for seed mix indicating
that ammonia treatment had a more significant effect on the count of C. vulpinoidea than the
seed mix.
Discussion
It is important that we try our best to preserve native wetlands because they help regulate
flood levels in surrounding areas, play a major role in the nitrogen cycle, help regulate climate
and provide an important habitat for supporting species diversity in both animals and plants
(Keddy pg. 302-324). As agricultural runoff continues to be a major source of nitrogen-based
runoff into wetlands and lakes, plant diversity will decrease, and biomass levels will increase
(Keddy pg. 100-101). Along with increasing levels of nitrogen, temperatures have been
increasing overall which promotes the growth of harmful toxin-producing cyanobacteria in Ohio
water supplies (Cheung et al. 2013) such as the ones found in Ohio lakes in 2010 reported by
The Columbus Dispatch.
In this experiment, E. virginicus showed the most promise as an ammonia tolerant native
Ohio wetland grass in this study. Some detention basin trays treated with ammonia had
individual E. virginicus plants hanging on and still alive at the end of observation which
indicates E. virginicus could be ammonia tolerant. In Figure 2 at 56 days since planting before
the majority of ammonia treated plants died off, ammonia treated trays had an average of 2.2 and
1.4 E. virginicus for detention basin and short sedge meadow trays, respectively. Figure 2 at 78
days since planting reports an average of 0.2 for the ammonia detention basin trays and a 0.1 for

the short sedge meadow trays indicating that there were a few live individuals still present at the
end, but not enough to make a statistical difference in the data.
In contrast to the data reported by Britto and Kronzucker 2002 in Image 1, our plants
observed accelerated growth until between 44 and 56 days since planting. In Figures 2 and 3, E.
virginicus and C. vulpinoidea had a higher average of individuals at Day 44, but then sharply
decreased at Day 56 and 78. At Day 44, the Pvalues indicated that E. virginicus was more
affected by the type of seed mix (Pvalue=0.00) than the ammonia treatment (pvalue=0.01). In
contrast, the Pvalues for C. vulpinoidea at Day 44 showed the opposite with pvalues of (0.05) for
ammonia treatment and (0.67) for seed mix.
The data we collected did not support our hypothesis that graminoids from the
Cyperaceae family would grow better in the ammonia treated trays than graminoids from the
Poaceae family. Brown Fox sedge (Carex vulpinoidea) only lasted until 56 days from planting as
indicated by the 0.1 average in detention basin trays treated with ammonia in Figure 3. Virginia
Wild Rye (Elymus virginicus) lasted until the very end as previously mentioned in the paragraph
above.
The unidentified green moss reported in Image 3 appeared to play a role in helping those
trays retain water more effectively. The trays that showed a higher surface moss percentage
required less rewatering than their ammonia treatment counterparts. As the experiment came to a
conclusion on day 78, it was evident that the soil in the ammonia treated trays had become overly
saturated with ammonia by the overwhelming smell of ammonium and dark colored soil. The
ammonia treated soil also appeared more brittle and cracked when it dried out than the deionized
water soil.

It would have been more enlightening to do an experiment that varied flood levels as well
as ammonia concentration since water level has an impact on ammonia concentrations. If there is
a higher water level, ammonia concentrations will be lower as long as ammonia runoff does not
also increase with the water level (i.e. water level increases because of flooding, but the flooding
runoff brings fertilizer runoff with it thereby increasing water level and also ammonia input).
Some agricultural ammonia soil concentrations can reach 20mmol so an experiment that has a
range of ammonia concentrations from 1mmol/L to 20mmol/L combined with varying flood
levels could provide a more accurate look into ammonia tolerance (Britto and Kronzucker 2002).
We know from this experiment that Elymus virginicus and Carex vulpinoidea might be a good
start for a future experiment, but it would benefit to extend future studies to include more native
Ohio wetland grasses, possibly at different stages of growth.
Limiting factors: The greenhouse we used provided relatively stable temperatures for doing a
growth experiment from October to January, but temperatures were still between 50 to 70
degrees Fahrenheit most of the time which limited the germination potential for the larger seed
plants. This means that there might be other plants in the seed mix that can tolerate ammonium,
but we did not observe them because we failed to meet their germination requirements. There
was also a strong current coming from one of the fans on the ceiling that caused trays underneath
of it to dry out faster. We tried compensating for this wind and sunlight exposure by randomly
rotating the trays around the tabletop once per week. The seed dispersal amongst trays during
setup was as equal as could be, but seed dispersal could affect group averages.
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